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(54) ah&HSAi 



S a-S-B ^S^l gal|. bHSS ^K^l $\±.m ^ti|ofe £^ >U AHojf ^t!- ^jo EiAi, 0| ^A-|-^ A\ si 5 

2**1 S3. Jl £[U 5.|Ai|e h^hxi^e^I 27|2Hosi a^oj|Ai gs|-3a| ^^(a voltage to 

charge conversion region)S zffl ?*\%t*= ^o\EL * 7|)£| ?u|e|-cH S*r c^s| S}^« 

7|B* ajA(H ^|Hx|^e-|# 3S*fe S^7|, *ja| S7| 7|fe( a select 

electrical function)^ g^S 4* 81 c*. AW ©life ^S°H^I| f *|gsj©3 S °-£r 

_E&°J ZfEfEt 

SE. 1S 4 fi^H^I^E.-J MSicfolS^. £0 A-| £|-:£(a four transistor Photodiode Active Pixel Sensor pixel) 

»fl»*ai 7|#°| o[?mMo\\M Ehsj s^o| § D J uH*|£, 

i 2-fe ALlAi# th #BH 7|$a| g^f- S^7| ££C}o|£c S\± o[9\ x=| (shared amplifier 

Photodiode pixel architecture)^) M ^ 7\\9.\ §3 *H*I£. 

£ 3-E SHU 7|#a| g« §S7| sscK>|£ = ^ o^|H*| s>| 4 ?H^I Sfcfcs| 

BE «H*l£, 

4fc my Si± fi-M* flfl- #^7| SMcfolSH o|*|@|*fs| 4 ?H^I Sjgefe afcts| 

£ 5^r my ^ £9*1 # ^|oj- a|^*j. g~ #^7| 5LS^rO|SH o|*|6J*|S| ^r# *|A|o||o||/ri 4 ?H^I 0 jgtfe m 
£ 6-B my ^ ^Ai# ^|*!- Aj^o} #^7| £ £ cz|.o|SH ^ o[?\*^M 9.\ ^A|ol|o||Ai 8 ?H^I S!S^r 
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8 : VDD1 0 : Q± 

12, 42 : S£c|.olS = 14 : E|A||e ^^l^ 
15 : E]M\= 7i|o|H16 : 5.|a||e £Hx|^b| ±± 

21 : SS?J ^^H^Ir^Ei 

22 : ^ S^?J H^j^l^E-i^l 7j|0|H 
23, 43, 53 : 7j|OiM25, 45, 46 : 

30 : IB HSHx|^e=431 : « 4JH| 7i|0|M 
40, 50 : *£55, 65 : ^Ml^r § 

W-gO/ *r&f±r ?l£ Si ~L got 
* £|^£|- s|s (active circuit elements)-!- ^*l§rfe «g £k£ ^ a-) (Active Pixel 

Sensors : APS)&r ^ISofe ^ *H*Ksolid state photo-sensors) 9U 0|oW (imagers) fi-oWl St* 3dH 
£, Mc|- 9»x|7|s^e| geFoiiAi gojo^ gg. o^^ # ^u|sRr S}<fe 4 SHxi^N 4 

A SI 0|# £j#g (Correlated Double Sampling : CDS)S *H**fe o|o|x|o|| ftfi 3iO|cK 

APS-^ £K£7 r iJ-^l ^Eh ^Eh SSKHW a^o^oj ^ch( a charge to voltage 

conversion means), « 4dB| ^Er, *7fflSS SE^ SJ^# SSofe SS^eJ IMI ^ ^ A 

:£* StJ-©rfe Jlxfl -feJ-EH o|o|x)o|ch o|[a| X£(Eric Fossum)o! 1993«d 7^ SPIE Vol. 1900-08-81 94-11 33cH| 
nnti: "Active Pixel Sensors : Are CCD's Dinosaurs?"^ #bN S-SoiW ^o|Q- u}fi} i>o|, 4|o{| 
tSS »S»Kphotocharoe)fe *te c||«*fe gojom 3^ HSS^K S^(Eric Fossum)o| 1993 
t3 71! SPIE Vol. 1900-08-8194-1133011 ?l|xH£r "Active Pixel Sensors : Are CCD's Dinosaurs?" % B o||o|*| 
N£r(R. H. Nixon), 0| *|D]|H(S. E. Kemeny), M 2. ^#£H(C. O. Staller), o| B H£J (E. R. Fossum)o| 
SPIE vol. 2415, Charge-Coupled Devices and Solid-State Optical Sensors V, paper 34(1995)cH| 7H*H°[ "128 
x 128 CMOS Photodiode-type Active Pixel Sensor with On-chip Timing, Control and Signal Chain 
Electronics"o||Ai Ur*r &o|, APS o|g|*|s| s[oJo|l[ go| * *m o|# 

ofof #^€H &cf. ^ £!>M MIollAi fflJi r <a# &I|H£| ^rOll^i «| = 

(words)SF u|H(bits)# <m°ltr 2d*r #A[«fcJ. o)7|*K £h « g*j|# & *| =» 2J*r # 

a^Kel, ^ AyAio| & ^ s B^ofe ^d-E n M)a| >d^o r 7Hu|. o]o||o|gA|7|^ S^r ^ 

A^|-cK S^e! SBH 7|#S| SS.7i!0|e rUXfe 4 HS!X|^EH(4T) ^71|# *HS°rfe O r 7|^|^# iha|^zl 
01. 4 ?H^I ^^jxl^E-l a.^fe Srrfc ^o{| S&HJCH 5icK 4 H^^I^e^ 3§^£^, 3^, S &|a|| 
B, d^r^ ^§ ^^ M^HA|^E^Source Follower Amplifier tranststors)o|cK o|5-| oj- o[^M^r #o|^7|| CDS# 
^ly^rH in.O|^-i- Xllg^rfe S^rr APS ^^r# 4S^e.^fe SSi ^lEr, 0|# 4T §S 

&(low fill factor)o| £fech »^Aio|| A^§fe ^ u|#S ^&c:K o|# 

4 B^HXI^E-) SJ oj^S tH^F ^ ^ Mi oil ^x|^JL, S^-E ^(overlap) g 

^ S# op I mis-oil g|^£ S 0^° oto| ^ d42H # 4rb|§ r HS, ^ra-x|7|(photodetector)oi| a^^ 

^loMI s)cH S^oil djoj- #*!«o| ^&fc:K 1S# 7r^*l =fe 5^ o|S^o| o|# 

zjztoj E r o|°J Aj^oii g^A|^icK o|S ^ t^^fe g^o^ s^-g^, S^a|7| m 

^ Ji|*|(pitch)o|| ^7|(m) ^|§H S^|7i °tfi(occlude) ^ SU^K o| ££&^a| §Sif a^A|^jcK 

#Sgo| a^el-a ^AiP_| a£ (sensitivity) d ^(saturation signal)7|- ^°!-cK o|-^ ^^fi- ^-^ 
dl SioiAi ^^^oj #g ^(photographic speed), 40*1 a| S°H, *|£o|| 4ff oj^tg o|SJ^(-. 



^ «S ^1 08/808,444 2 5J ^| 08/911,235 SolH, flcH^I (Guidash)fe ^-S IB {d^i H£Hx|^ 

Ei, 5.|Ai|E E^HXl^Ei,^ oj^ ^|Hx|^Ei# o|a»«S| ^ AjO|0||Ai gfp&o^fcj #EH 7|#S| 4 

H^HXl^Ei 7 |^# ^ O r ?|Q|*|# 7HA|*rach 0|# Op|^|^Oi|AH ( c>oJ « g ^a|« - 2 

4 7Ha| ojgs^ A|-o|oi|Ai g^-gcK o|si€|- o^|e|x^ ^i|ge r x|e}, S^o| #a| 

Ei ^ 4= 5ic r . o|S ^JSH, ^-l- 3^ SIS S7| ?HnHA||H^:(voltage dependent junction 

capacitance)7|- a§Foi|Ai a°ro^o| aa . k£ o| a ^| ^H^AifH^ojlAi o\ e u|§# s| °m p^-B 

b|AjS So|-oi|AH S^^2.| ^S-(non-linear charge to voltage conversion)# U2.^ 3^| S ^ ^icK 5ES-, ^ 
z|s| ^ Mjoii syfe Sfa^P|o| ^|op| ?t8H ^§ ^r^fir a|Al|M ^^h^i^e^i d|) ^o| 

^# c^^ccg such b|Ajg g*KH|Aj 9°J£^| B3*r^ cW»4l*H 3S o^E|5!^H(colo^ balance 
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artifacts)^ SJ<^U ^ 5Uc+. 2^s| ^ L H oil »axp|s| bH*|7 r BBWfl 7 r S o r &|«|H(aliasing artifact)7 r 

-as ^ sm. oi# or&i^n a^t s r ss «i«wuch 

SS^oj §BH 7 |^o| as.^o|S= APS ^r^S 5E 10|| £A|^j) s|c|-. £ 1£| SS^0|2l = (a 

photodiode : PD)£r ^.fHxl^Ei (transfer transistor : TG), ^§ ^-^(floating diffusion : FD), ?i| 
0| e( a reset gate : RG)# ^«l^rxr B]M\^ m^xi^E-l, g ai^ 7l|o|H(a ROW select gate : RSG)« ^l^fe 
Hj *m SH^I^e-I, g^^ji £gx|^( a source follower input signal transistor : SIG)4 SSW 

#e« 7|^2:| 4 Egx|^B| S r ^o|cK o|# §5H 7|#o| 3|^£S 25 % n|£!o|cj-. 

?im^7i- M\2iti v\*fm?i ^ o[9\mMm e 2*1- £ 3chi seai^hzi 21 c r . s. 201^, 2 ns\ s eis sfc£(row 

adjacent pixels)^! ^ A^r *r^ B-tr %E.s\ iSC r o|S^, 7j|o|H, PDa^r PDb, TGa^r TGbS 
orll SU*IEh ^rB flf FD, RG, RSG, SIGtz- 21^. £3°^£ 40^, 4 7||a| « §U « £13 

s r :£(row and column adjacent pixels) £h£ 1a, 2a, 1b, 2bfe, 1*r 2xr IBS a^r tiS L r E F L H-^ 

dl, ££S| PDSrTG^!, PD1a, PD2a, PD1b, PD2b, TG1a, TG2a, TG1 b, TG2b« ^ol^O. £J*l£h W 
^^2.4: FD, RG, RSG, SIGtt S^orHl Sic r . o| g^, °!S°Kr fiscal A JI H^l £*j-(mixing)S 

o|-7| SS2 7f|£| 33 7||0|H H^7r C*H»Ch 0|# O r ?|©l*|fe £ 1 CHI AH £A|o| §HH 7|#°| if^MCf aj 

a^o^ §^j#n r *[±m jsiswe}, aw fe^e- u ^r se aaoi s-^s- ^ suck £ 2chi s. 

A|oj- d|-s> r ^o| 2 7H2J oja o|-^ Sfcfc BE^ £ 3 oj| £A|£h a r 2r 1*0| 4 7HS| °JSofe SI-^cHI «#s|fc EtSl 
•^S ^A4«» -?b|«|-e £ io||Ai nt.^F -^al^HS M ^ Sl^. £E». £iSo r -i= 

J:^ 3 Til L4|o| ^ax|7|o| aH*|7 r f^ofx| a^fe ^d^ E. 2*\ E. 3£lsL^b] 

ixre-W, Mtf Aj S s^ r oi|AH *j°jo^o| ^, zj- ^ Mlfil »a^p|a| «H*|7F ?|q)4H7 r «l 



& ^5+ 0|^ ^ #U (Correlated Double Sampling : CDS)# rSf &^ ^ o r 7|id|x=| 

(a high fill factor Photogate Active Pixel Architecture)-!- aflatM. ^ ^-^4 ^^2H°J S^ r o||Ai g 
°J£S£| Hft u|AjgAi | of a||o 1 lHo| o|^§ r ^ S^|7| d||x|o| b|q|So|| cHth l£f xfl7^ r SAi£ 4 

A|^EH 7|^ 0 | ^X|£] jl §^7| ^ O r 7|iI|xi°| §^!«0| ^i@CK 

oim -^ah oj 7jEh ^go| gn r bH^sj c r ^o| ^# ^u|§fe ^ ^]AicH| °|§H xilSslol. °l ^ 

AjlAHfe- A^ ^a|£|21 "Eta a|A||H ^^j^l^E-IOil S7|^o^ S^Oi|AH S$^o| ffl© 

(a voltage to charge conversion region)^ ^ ^ul^l-c- z\o\E^nz-\ Sr^S ^u|o|-oi S^r S^^l-c 
c r ^o| ^-e- ^d|ufe 7|S# sif^-cK e|a||e h^ht:|^eh# g^$ r fe S^7|, >d^j g 7 | 7|^ 

(a select electrical function)^ ^ ttcj. Ur^th -y^lcM)^ ^§ ^fiofecll, 

S age as o|§ £SSS(true CDS)« #tH SS7i|o|H S-^ £\± *l\Mm flSW. SE 
^ s r ^, 3o r o||AH a^o^o| Aj^^ t z| ^u||o| s.^^ 3^x|7| hH*| #o| &ao|c r . ^3 



Utgei SI 

S. 42|- £5u^ S-go|| o|e|| ^e4£|-fe- &g VIMian Active Pixel Sensor : APS)# *ttt± ^tt 
7| H^Ha|^b-1 ^ or^l^x^l S3 h||x|£o|cK £ 4£r 5E 5S| ^JAloil^ ^-Sx r o{|7i| <£*B\*\ 5|Aj ££§ ^P-S^r 
o r £HcH|AH d| bs|V "r^ r ^o| , £ 4^r 5E 50|| Ai £A|S ^a|o||o| S^I^^J ^A|oj|£ 

^^hs-orDh £ 40|| £A| oh ^(10)^ C r ^o| IB H|- ^# ^ 0\B\\0\ Lf)o| c_f^ £^0|cK E. 40f| £EA|S- 

¥ 7Ha| D Sr^fe ^ ^ mcH|AH ^?h^] ^§ ^KiHf^r a^ A^g^^^ ^ gs?j e 

^X|^E-|S r A^Q^Hj- SOi ^CK £ 40|| £A|fl. A|0(|fe 2 7H^| IB S!S ^ A r 0|0||Ai # 

^7|# ?b|5Rr SSChO|^= $l±m 50|CK Ol^S- AJS& 0^|H|*)7|- SS7j|0|H Sf^S A r §^ ^ 

£ Sic:fe ScHI ^2|eH0^ o>cK 



£ 40||AH £ ^ oi^Ol, ^(10)^ S^c r o|SH #axp|(12), 71|0|M(23), «KL^(25), BW£ 7||0| 
S(15)» ^«l^fe a|A||a M|H7;|^Ei(14), ^ §^^l ^J^ Ajs EfHX|^ 1 EH(SIG)(2l) ) a|Ai|s egjxI^EHd^ 
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S[ ±± f£¥J S.|Hx|^Ei(21)# flah SS(VDD)(18), a dai ?)|o|£(RSG)(31 )# ^Isfe S S^l — fH 
^I^Bi(30)S SiczK £ 40)| £A|£|- oM^fe ^ at£Mt7| 2 ?HS| IH £JQ S^ofl 2|5|| S7|wo^ 

S^slfe- Mal^, §L^°£ 1?HS| ¥# Q£l S^sfe 3d* *)|2|*Knfe S. 2°\\ £A|o|- §2H ?l 

ms] g^-#^7| Sk£2| oh?|ai*ish fAjs^K £ 4 o)|a-|, ^¥(25)^ a) 3. #a|z}, gy»2S ^a|£|cH 
2111, ^iS^ #(36)<H| 2|SH A-|£ 37|^°S S^H|CH Si°ai 4:^ #£$| £JiN H?Hx|^e^21 )o|| *p| 

*!°£ a^s|oi Sick E. 4o)| £A|£k uts} go|. ^ aka"(25) FDbt S8^°S a|A||E e|Hx|^eH(i4)£| 
±MW)7[ S^Sfe- a^S^K ¥# «f^(25) FDafe %i}¥(25) FDb2|- S€ S7|^ 

t£ -yoil a!°SAi, ^s. ^a^( 25 ) FDbS¥N 3a|£ck aHLM?(25) FDafe ^ 

a^(25) FDb£h I>S Q7|^ t£ ^<H| a!°^Ai a|A-)|e SSlxl^E^u)^ rt^(16) ^SS *W ^ 
a¥(25) FDb7|- £|A)|e S|H3C|^E-|(l4)a| :±^(16) fick 0|fe ^ 7||2| SS^O|SH£|- SB ?l|0| £7|- E[ 

¥■§■ St-S cH| £ 20)] HA|o|. tK2ffc cH3£Sjo|cK A^g^sj- 2 ?H2| #a|£|o S "g^ei 

s^aj. o|q^° ^d|*j-o^, at ?iio|E7h #£|£j ¥•§■ ai-a a as- st° = £ 

Skfc S^HI M]2| H£cK>|a = £|- a& ?1|o|m°| n||*|o|| AilS-ol a 7)1 =jcK o|s £l5«, ach §o|S|-7)| £^ g74| Ml 
CHI S£cK>|2 = -i- ^SJSMI uH*IS =^ StkHi £|CH, H 2CH| £A|S- ufs| &o| §SJ^a| &g H ||*| S oj§|| ^ 
2ife 7|-S o|-E|a|s# gaA|?MI £!ck ^a^( 25 )^ s-wii h|| Ajs|o| &<U& &i5lo{\M aa°£2| as t= 
S 0|^H£ OiSS| S7|^o S g°gcf. Jfi# ^^(25) FDb£|- FDa^ £3^ g(36)o|| &j>\\ S^H|0| 5ci 
££S, ^# ^¥(25) FDb7h a|Ai|e E |oj i ^^(25) FDa£ S^lS £|Ai|eH]ch 

JE 5CHI E.AIS- AjA|ol|fe. 4 7Ha| ^ ^ eJS Sf^(40)7h ^a^-g 3dO|cK S. 5CHI £ 

A|£h SJ-Ol, 4 7H2J ^(40)fe SSEho|SH §^A|7|(42)(PD1a, PD2a, PD1b, PD2b), SB 7)|o|e( 43 ) 
(TG1a, TG2a, TG1b, TG2b) , ¥S St A i¥(45)(FDa, FDb), B-\M\= 7)|0|H(15)(RG)S ^\°\^ Z\M\= M?Ha|^ 
EH (14). ±± SS?| <2m tlS. s^jx|^E-|(21)(SIG), £|Al|e e|Ha|^eH(14)2F ^ IS?J gje^ H|HX|^Ei(21) 
» fltt 3^(18)(VDD). a a^j 7i|0|E( RSG )( 31 ) S ^tj|Sfe. S a^l ^^^I^e^30)» S^«[eK ^a|, e. 5cHI 
£A|t!- oh?|e|x^ ^# a^^L^¥(45)7^ 4 7Ha| ^ 3 SJ^ ^(40)cHI 2|§H 37|^|o S g^H|^i 
°s ^a|S ¥§ at-Aj Zim Ai|£|o|-jit £ 3011 £A|5i. gal 7|#2| g#7| 

0|-7|e|xi£|- ^A^dK £ 50)1 A-| ahA i «( 45 )( FDai FDb ) fe A^g^ #(55)0)| 2|SH AiS S^-EJS. 

^ t£?) iJ^ StHX|^E-)(21)o|| S^Slfe #a|S|o S ^ g^O|cK OftC|S- ¥# £1-^(45) (FDa. 

FDb)£ a|A)|H 5^x1^(14)21 ^^(16)SAi S*|£|a-| &&c\. CHICHI, fi-y <3°$o\ 3]M\m. 

(14)2| 4:i(16)SAi A[g£\JL, 0| S^E £3^ §(5 5 )o)| °|8H afAf¥(45)(FDa, FDb)2h SIG(21)o|| 
CK 

£ 52| oMa|*i£h h||*|S (4 7H2| asc|-o|£ = 2h Si 7)|o|S7|- Shd- S^o)| g^s|-b) E. 3*1 a\M 

oH MS, £ 52| ¥# ^ g<*|2| flS|0| ci 5fcK tXfBfAH, £ 52| SSW|Ai g^o^o| t =o| s ?H n H A |g 

^ # Mch as YS-o| A^g^" o| ?(|nHA|gj^£|- ^ 0 | a°J a|e ?H2«A|e^s o|^-o)x=| aicf. n a^, 3^ 
o)|Ai £j<=io S o| oj^ a?) oil CHS- ^S|-7|- ci ajcK £ 4£|- d^Ms, S7|£|o^ a^q^ 

SNfe §B|SjO£ ^7|)2| ¥■§• SfA} W^(45)S ^tJlS-^SAH, SB 71|0|E(43)7^ ggsfe cj-ej "S. SJ.A} ogo^o 
S SiK S£7h &7|| H|CH a7i| M)2| HS^0|£ = (42)2|- SS 7)|0|S.(43)2| bH*|c»I JHIShOl KcHS^. 5E 
50)1 £A|S|. b^2|■ S>0|, 0|S 2im M)2| iSEhO|2H(42)2| #SJS UH*|7h 7^«HXiAi, £ 3011 £A|o} jlh 

§|o^| g^-E uH*|s e]sH of7|^ ^ cy- ohE|3|HS S^a|^ ^ ^# ^^A^¥(45)7^ ana 

eio) E>y a a*wiA) a?^°s2| as oi^.=.s oi#^ o^a^i a^i^ss g^-sci-. elmih s^xi^Ei 

(14)21 ^(i6)5lf Sta¥(45)(FDa, FDb)^ £3^ #(55)o|| 2|s|) %^S\0\ 5J°££S, a|Al|e e L hx|^eH 
(14)2| ^(I6)7h a|Al|E£|g «s aia^(45)(FDa, FDb)£ fl? ^^tha^lS a|Afle Sc ^ E | A )|e 7j|o|S(15) 
7[ Id £H(turn off)2|a, a|A||E E.Q\x\±e.-\{-\4)2] rtii(16)2|- ^ Sfa¥(45)(FDa. FDb)fe ^(floating) Sp)l 

&c\. a °p i- 5£cfo|£=(42) # sms^ei a^sia. ^§ ic=ai aye -ysa^s s^2i a*ii ?Hn«Aia^ 

o)| c[b\ B»ao|i=F. 



^ 2i?)l @cK o|# £ 6o)| £a|s^ck o| 3^, g a^i £LHx|^Ej(30). a|Al|£ sfi!x|^B|(i4), ^ §S¥J gj 
S3 S|Hx|^(21)(SIG)fe 8 7))2| Sh^(50) AK>|o||AH 4 ?H2| gTi^SS ¥# aha^(46)(FDa, 

FDb, FSC, FDD)^ %^ ^^\S\0\ E|A1|e E ? Jjx|^Ei(14)2| ^(16)2^^ g£¥| MfHX|^:EH(21 )2| 7)|o| 

S.(22)o)| a^l^jSS S^acK ££°}-, ^-m ^a^(46)£| ?mo\ M^S\JL ^ s|-^(50) i-H°| SS^0|SH2| UH 
x|7|- §USh?)| =jc). 0|7H| ffi^ Ski: a^!o| ^^a|7|7|- oj-td c|-a ^P-£!2.^cH| °|sH a#2|n 2i°H£ o|ei 

i£2| #^7| #SH ^© f5!tt 9§ ^ cy cK *y AjB) EgHAl^EH, £|A-||s E|HZ|^E^ 

±± SJ^ HIHaI^e-is ^^-©hfe =^=fe o)cq*!- ?H^2| §£££ 2J2|S ^ Sick ££°J", IS 

& ^7R°I Si 7)|0| H tH^fl- ^b|*j-o SMj o)Hio|- ^° ^ £ acf. fi-AH ^ 

art A1|HS S^2| =^7f #7^<H| C4BK *^| S^Hlfe ¥# A^g^«o| ? Hm|A|EH 

^£ 21 oH ¥f aha ?HnflA|@^7|. §7^7)1 ScK §^7|# g^sfe ^2| ^fe ^a 7 ^^ 

?HnHA|gj^ c£- ^§7^*1- o|^o)| £|sH ^|ij££ xi|°IS 50|cK 
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t tt€o|| 2)^a EHJ Y^^eJ 3^o||Ai *j°J-o S o| S€rU|<dt!£!, Sl-rt cHaJ|o| L|a| °!gs r 

t bH*|o| a l cH Soil cHS- S£§ *HtH*I-Sahh 4 j^a| 7|^ 0 | ftx\s\lL #£|7| 

± o[9mMS-\ fee #5!#o| #x|gch 

(57)8^21 g# 

sgn| Us uHS^fe ch=^o| ^b|s|~fe ®M{an image sensor)o|| SicM, 

*)| 1 § £.3-^ *D.I!.(a semiconductor material of a first conductive type)£h 

SsfoilAi H£r S^o| g?J*!°S Ai^ g^x|7|( a photodetector)o(| 

(operatively) 3^r=l-c S«KH|A] S°r°S2.| B» ^1°^, ?l£r M|o|| sjo^ ^ 7H°.| °J 

*)l 1 «WI ?i<HM, 

#7| ^|SH #*fSffe Ettl £|a1|j= m^Hx|^e-|# ci afcWfc- ^ £!>M. 

§^Sr3 

*il 2 SMI SiofAi, 

a|A||S S£HX|^EHo| Ap| SS|-0||Ai 3^o S o| BJ£f o^o^J^ ^7}SHo^ 2ja.|S|CH Si 21 

*il 1 SKHI Si 01 AH, 

Skt-fer A-jS Cf# ^, ^-E- go|| ^*|© r 21 « 4jq s^ (a row se | ect f ea ture)# S^Sfe £^ aiiah. 
*ll 4 «W| syo)AH, 

^7 1 s^±.^ £p| 3©hoi|Ai gy°^2| g^sfe ^a^iei sg ^tr 

*l| 1 tHXI 2iCHAi, 

&7| S^7|S 3^*ffe £^ All AH. 

S^tr7 

n 1 twi suomh. 

4f7| #^7|2f H Ajiij SAHS. g = S f fe Sh-y AflAt. 

S?tr8 

*il 1 «o« AiOlAH, 
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S^S9 

x|| 1 Soil ?Xo\M, 

-y-7i ms. s^swt at si-s- ■a!*f. 

&^S10 

Siaal IB 21 as UHSEltr C^o| s^-s ^b|Sfe ^!AH0J| ^JOiAi, 
»l| 1 S SE3£ gj-£*l| 

7|fi- moil g-ysjfe »CH£ ^ 7HSI £Se|-oi, 2+ SF^-^ 3*H>I|ah SS- gs|o| gifsjos ah 

s ^yxpicHi 7|^°s S^hi^ S7| s^oi|Ai s# -HH Aiggga S| 

4pi s*ww s^°s2i ffl&g^ Ahoi<Hi s-^sife S7i^ 
« se«f^ sf-s AiiAi. 

S?S11 

AH| 10 Soil ?io\M. 

^7 1 ^ISH a|Afle HUixi^EHS ci m& aiiah. 

S^PS12 

xil 11 Soil 9io\M. 

^7 1 5.|ai|e e|hx|^eHo| ^^-b &7| 3s|o)|Ai s°fo^o| yg. g^o £ « E | g2J-*!°s 2ja|£]oH Sin 



S?S13 

H 10 Soil SicHAH, 

^7 1 s>|-rfcfe ah^ S, a-B Soil ?j*|*^ « S^sfe- £0*1. 

S?S14 

^ll 13 Soil 9io\M. 

£p| s^fc a^i syx|7|sVM ^7 1 S^o||ah go^o S o| g-g. wo^o S xj°lfe ^B*l£! Si ^Eh 

# S|At All AH. 

S^S15 

xil 10 SMI XicHAH, 

4PI s^*=. §^7|# g^sfe <r|AV AflAH. 

ti^sie 

x|| 10 Soil 9lo]M, 
S^S17 

xil 10 Soil &CHAH, 

2| 92) s|4:# ijHsH z*o\E. = ?H&I 3& 7||o|£ tH^# CH a^Sfe S|-y- 
S^S18 

xil 10 Soil SUCH AH. 
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gjsj Maxima 

S.&2 
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m am mshxi^ei 
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